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摘  要 
I 
 








M1 与炎症和组织损伤相关，依赖 IFN-γ 、TNF-α 、IL-1、IL-6、IL-12





方 法 ：  首 先 以 Lewis 大 鼠 (LEW RT11) 为 受 体 、
Fisher(F344,RT11v1)为供体，建立腹腔异位心脏移植模型。受体术后
10 天给予环孢素 A 预防急性排斥反应。以氯膦酸二钠脂质体清除巨
噬细胞，干预 1 组持续 2 周，干预 2 组持续 4 周。以应用 PBS 脂质体
为对照。术后满 4 周处死大鼠。抽取外周血以做混合淋巴细胞反应。
获取移植心脏标本，分别进行 H&E 染色及弹力纤维染色；免疫组化检













摘  要 
II 




2 周内清除巨噬细胞，术后 4 周时的巨噬细胞 Arg1、Ym1、IL-10 表
达明显增高(分别 p<0.05、p<0.01、p<0.001)，IFN-γ 、TNF-α 、MCP-1
（均 p<0.001）表达明显降低，表现为 M2 特征。⑶与对照组相比，术
后 2 周内清除巨噬细胞，术后 4 周时 CAV 明显减轻（p<0.05），α -SMA
表达减少，心肌纤维化程度显著减低（p<0.001）。⑷ 与术后 2 周内
清除巨噬细胞相比，术后 4 周内清除巨噬细胞，IFN-γ 、MCP-1 表达
显著降低（均 p<0.001），CAV 和心肌纤维化程度明显减轻(分别 p<0.05、




是减轻缺血再灌注损伤、影响 IFN-γ 、TNF-α 、MCP-1 的表达、巨噬






















Objective: Organ transplantation is an important measure to treat diseases 
in terminal stage. We counter imbalance between supply and demand. 
The patient’s long term survival rate remains not satisfactory far away, 
although survival rates of grafts increase obviously because of  new 
immunosuppressors, improved organ preservation methods, surgical 
techniques, perioperative period treatments. Chronic rejection is a critical 
factor of graft defunctionalization, so it is one of the key of 
transplantation. Unfortunately we have no effective solution because the 
mechanism is complicated and unclear. Macrophages possess 
multifunction and distinct heterogeneity, have two remarkable different 
activation patterns i.e. M1 and M2. M1 is related to inflammation and 
damage of tissue, depends on IFN-γ, TNF-α, IL-1, IL-6, IL-12 and 
various chemokines. M2 is related to anti-inflammation, maintainance 
and repair of tissue, depends on Arg1, Ym1, IL-4, IL-10, IL-13 et al. 
Macrophages maybe act as antigen presenting cell, release cytokines and 
active substance, serve as effector cell to participate in graft rejective 
reaction. Our research designed to investigate the role of macrophages in 
chronic rejection of cardiac transplantation in rats and the possible 
mechanism. We expect to offer theoretical foundation and means of 















Methods：We established model of heterotopic heart transplant in 
abdominal cavity, Lewis(LEW RT1
1
)  served as receptors and 
Fisher(F344,RT1
1v1
)  as  donors. All receptors received therapy with 
CsA 10 days postoperatively to prevent acute rejection. Macrophages 
were depleted by clodronate liposomes , treatment group 1 lasted 2 weeks, 
treatment group 2 lasted 4 weeks. PBS liposomes used as control. The 
receptors were killed at postoperative 4 weeks to harvest cardiac grafts as 
samples. The samples were processed by H&E and Elastica van Gieson 
stain. We detected ED1, Arg1, Ym1, IFN-γ, TNF-α, α-SMA, MCP-1, 
IL-10 by immunohistochemical stain, tested IFN-γ, TNF-α, MCP-1 by 
PCR. Then we analyzed the results, tried to illuminate the role of 
macrophages in chronic rejection of rat’s cardiac transplant and find 
possible mechanism. 
Results: ⑴ We have established model of chronic reiection in rat heart 
transplantation successfully, which shows distinctive CAV and 
myocardial fibrosis. ⑵ Comparing with control group, the hearts in 2 
weeks’ depletion of macrophage group express more Arg1 (p<0.05), Ym1 
(p<0.01) , IL-10 (p<0.001) and less IFN-γ (p<0.001), TNF-α (p<0.001), 
MCP-1 (p<0.001) significantly. The macrophages are of  M2. ⑶ The 
CAV is alleviated obviously (p<0.05) in 2 weeks’ depletion of 
macrophage group, with myocardial fibrosis(α-SMA expression) 















Comparing with 2 weeks’ depletion of macrophage group, the CAV and 
myocardial fibrosis in 4 weeks’ depletion of macrophage group are 
alleviated significantly (p<0.05,  p<0.001 ), with expression of IFN-γ 
(p<0.001), MCP-1 (p<0.001) decreasing remarkably, but TNF-α 
expression does not change (p>0.05). 
Conclusion: Macrophages play a critical role in chronic rejection of rat’s 
cardiac transplantation, macrophage depletion can reduce CAV and 
myocardial fibrosis. Macrophages exert important impact on transplant at 
early stage, and may influence following chronic rejection in later period. 
The possible mechanism includes reducing IRI, affecting expression of 
IFN-γ, TNF-α, MCP-1, activating macrophages in different phenotypes. 
The harm of M2 to chronic rejection is less than of M1, or M2 is 
beneficial to chronic rejection injury. So altering or eliminating the 
function of macrophage may act as a strategy of anti-chronic rejection. 
Keywords: Chronic rejection; Heart transplantation；CAV; Macrophage; 





















植累计128 293例次; 肝移植20 647例，尸体肝移植19 224例，活体
肝移植1423例; 肾移植106 822例，尸体肾移植96 248例，活体肾移
植10 060例; 心脏移植952例，肺移植238例; 胰肾联合移植219例。
近年来,由于新的免疫抑制剂的出现,以及器官保存方法、外科技术和
围手术期处理等方面的改善,器官移植物的存活率明显提高。法国生
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